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NBSTRACT

Stand-replacingprescribedfires arerecommendedto regeneratestandsof TableMountain pine (Pinuspungens)in the southernAp-
palachianMountainsbecausethe specieshas serotinousconesandits seedlingsrequireabundantsunlight anda thin forest floor. A
350-hectareprescribedfire in northeasternGeorgiaprovidedan opportunity to observeregenerationsuccessat variousfire intensity
levels. Fires of low andmedium-lowintensity producedabundantregenerationbut may not havekilled enoughof the overstoryto
preventshading.High-intensity fires killed almost all overstorytreesbut may havedestroyedsomeof the seedsource.Medium-high
intensity firesmaybethebestchoicebecausethey killed overstorytreesandproducedabundantregeneration.Theforest floor remained
thick afterfires of all intensities,but rootsof pineseedlingswere ableto penetrateaduff layerof up to 7.5 centimetersthick to reach
mineral soil.
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INTRODUCTION

The southernAppalachianMountains are appre-
ciatedfor their diversity of plants andplant commu-
nities. Many factors combineto createthis diversity,
including a mosaicof soils,aspects,elevations,weath-
er patterns, and disturbances.However, a key factor
for severalcommunities,which hasbeenmissing for
severaldecades,is large-scalefire. Lightning- andhu-
man-causedfires playeda significant role in the evo-
lution of southern Appalachian plant communities
(Van Lear andWaldrop 1989). Fire suppressionpoli-
cies in effecton public landsfor thepast 70—80years
probably reducedthe floral diversity in the southern
Appalachiansandmay threatenthe existenceof some
plant speciesand communities.

One speciesof concernis Table Mountain pine,
which occurs from centralPennsylvaniato northeast-
ernGeorgia.It is shadeintolerantandfound on south-
andwest-facingridgesat elevationsof 300—1,225me-
ters (Zobel 1969). Throughout the region, Table
Mountain pine standsare in late seralstagesand are
succeedingto oaks,particularly chestnutoak(Quercus
prinus) (Zobel 1969,Turrill et al. 1997).Outbreaksof
southernpinebarkbeetle(Dendroctonusfrontalis)and
ice stormshastenthis successionbecauseboth distur-
bancesselect againstTable Mountain pine (Williams
1998). Unless the short-lived, shade-intolerantpines
are regenerated,they will be replacedby the longer-
lived, shade-toleranthardwoods.Williams (1998) at-
tributed the declineof TableMountain pine standsto

fire suppressionand inadequateunderstandingof this
species’ regenerationbiology.

Table Mountain pine has serotinouscones,sug-
gesting that fire is neededfor successfulseeddispersal.
For successfulseedlingestablishment,thespeciesalso
needshigh levels of sunlight and little or no forest
floor—micrositeconditionssimilar to thosecreatedby
fire.

Although fire maybe essentialfor regeneratingTa-
ble Mountain pine stands in the southern Appala-
chians, supportingresearchis limited and sometimes
contradictory.Zobel (1969) emphasizedthe needfor
intense fire by pointing out that although serotinous
conesopenedin lightly burnedareas, seedlingssur-
vived only in areaswhere fires killed overstorytrees
anderosionexposedmineralsoil. Williams andJohn-
son (1992) found abundantseedin lightly disturbed
standswhere no fire had occurred.However,seedling
establishmentwas limited to thosemicorsitesthat had
a thin duff layer (<3.8 centimeters)and that were
more openthan the surroundingstand.

Prescribedfire researchin Table Mountain pine
standsis limited to 1 study(Turrill 1998).In thatstudy,
10 fires wereplannedon federal landsthroughoutthe
southernAppalachianregion. Of those,only four were
successfullyburnedandonly one was aTableMoun-
tain pine stand.Becauseof the limited numberof ob-
servationsin that study, information on the season,
frequency,and intensityof fire requiredfor successful
Table Mountain pine regenerationwas inconclusive.
The studyalso illustrated the dilemmaof usingstand-
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replacing fire. The prescription called for intense
crownfires, effectivelynarrowingthe burning window
andraising concernsabout worker safetyand smoke
management.If TableMountainpine canbe regener-
atedwithout crownfires, then theburningwindow will
be wider and theremay be less concernabout safety
andsmoke.

A stand-replacingprescribedfire occurredon a
350-hectareareaof the Tallulah RangerDistrict of the
ChattahoocheeNationalForestin northeasternGeorgia
on 4 April 1997. This fire was large enoughandfire
intensitywas variableenoughto allow comparisonsof
regenerationsuccessamongareasburnedat different
intensities.This study was initiated in June 1997 to
evaluatethe effectivenessof aprescribedfire of vary-
ing intensities at replacing mixed stands of Table
Mountain pines anduplandhardwoods.

METHODS

StudyArea

The studysite was conductedin 3 separateTable
Mountainpine standslocatedalong an unnamedridge
immediately south of Rabun Bald and Big Ridge in
theWar WomanWildlife ManagementAreaof theTal-
lulah RangerDistrict in RabunCounty,Georgia (340

56’N; 830 18’W). One standwas 18 hectaresin size
andlocatedat an elevationof 1,100meters.The other
2 standswere each12 hectaresin size andlocatedat
elevationsof 915 and 885 meters, respectively.To-
pography of all stand areasconsistedof a narrow,
southeast-facingridgewith accompanyingside slopes.
The side slopeswereextremelysteep,oftenexceeding
100%, andwith northeasternor southwesternaspects.

Soils on the southwesternslopes belong to the
AsheAssociation;thoseof the northeasternslopesbe-
long to the Ashe-Porters Association (Carson and
Green 1981). The Ashe soil series (coarse-loamy,
mixed,mesic,Typic Dystrochrepts)is predominantin
both associations.Soils of theseseriesare moderately
deep,somewhatexcessivelydrainedsoils that formed
in theresiduumfrom biotite gneissinterruptcdby nar-
row dikes of schist. Solum thicknessrangesfrom 40—
75 centimeters.Depthto bedrockrangesfrom 65—115
centimeters.Coarsepebbles,cobbles,andstonesrange
from about5—15%in the A andB horizons.The soil
is very stronglyacid (pH 4.5—5.0)or stronglyacid(pH
5.1—5.5) throughout.

Prior to burning, all 3 standsweresimilar in com-
positionand stockingof overstoryhardwoodsandTa-
ble Mountainpine.Meanbasalareaof thestudystands
was 30.3 squaremetersperhectare.Hardwoodsmade
up 21.3 squaremetersof this total and pines the re-
maining 9 squaremeters.Chestnutoak was the most
abundanthardwood, comprising nearly 50% of the
hardwoodbasalarea.Othercommonhardwoodswere,
in orderof decreasingabundance,scarletoak (Q. coc-
cinea), blackgum (Nyssa sylvatica), hickory (Carya
spp.), red maple (Acer rubrum), and sourwood(Oxy-
dendrumarboreum). Nearly 80% of the pines were
Table Mountain pine, and the remainderwas equally

divided betweenpitch pine (P. rigida) and eastern
white pine (P. strobus).Few overstorytreesexceeded
40 centimeters diameter at a height of 1.3 meters
(DBH) andonly two were >15 meterstall. Theshrub
layer consisted almost entirely of mountain laurel
(Kalmia lat~folia), which rangedin densityfrom nearly
impenetrablein someareasto absentin others.

The PrescribedFire

On 29 March 1997, a week prior to the bum, the
site receivednearly 2.0 centimetersof precipitation.
On the day of the burn, 4 April 1997, the Keetch-
Byram Drought Index was 110. Forest floor samples
were collected at 1030 hours; moisture contentwas
found to be 8% for the root mat and 6% for the litter
layer. Weatherconditionsweremonitoredon-sitewith
abelt weatherkit. Relativehumidity was51% at 0900
hours,droppedto a low of 27% at 1220 hours, and
increasedto 32% at 1600 hours.Temperaturesranged
from 150C at 0830hoursto 210Cat 1345 hours.Eye-
level winds rangedfrom 3—13 kilometersperhour and
werefrom the southandsouthwest.

The fire coveredthe entireburnunit, includingthe
northeasternand southwesternslopes.Fire lines con-
sistedprimarily of existing roadsandtrails, but hand
lines wererequiredalong portionsof the westernand
northernsidesof the burnunit. Backing fireswere set
by hand at upperelevationsto securefire lines,begin-
ning at 0900 hours. The interior portion of the burn
unit wasset by aerialignition beginningat 1030hours.
An attempt was madeto employ ahelitorch, but me-
chanicalproblemsrequiredthe useof aplastic sphere
dispenserfor mostof theburn. Spheresweredropped
at approximatelymidslopeon the southwestandnorth-
east side slopes.This firing pattern was intendedto
createa ring fire that would be most intenseat the
ridgetop, where Table Mountain pine predominated.
Oncethe ring fire was secure,stripswereset by hand
below the burnedarea(beginningat 1300 hours),pro-
ceedingfrom upperto lower elevationsuntil the entire
unit was burned. All firing was completedby 1600
hours.

Fire intensity was generally extreme along the
ridge with widespreadcrowning and intermittent
torching observedby fireline personnel.Otherareasof
the unit burned with lower-intensity flames, where
flame lengthswere generally >1.3 metersbut crown-
ing and torching werenot observed.Although a sub-
stantial proportion of ground fuels was consumed
throughoutthe burnunit, scorchheightswereobserved
to be variable.

SamplingProcedures

Three months after the fire, the entire burn unit
was surveyedsothat studyareasexhibiting arangeof
fire intensity effects could be selected.Sixty sample
plots, 10 X 20 meters in size (0.02 hectares),were
placed throughoutthe standsto include areasburned
at all fire intensity levels. Within each 0.02-hectare
sampleplot, the height,DBH, andspeciesof eachtree
>3 meterstall wererecorded.To characterizethe pre-
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burn standconditions, all trees were assumedto be
alive before burning unlessthey werein a late stage
of decay.Theheight of barkcharwasrecordedfor all
trees and each tree was characterizedas alive, top-
killed but sprouting,dying, or dead.Bark charheight
was definedas thelowestpoint on the bole of thetree
abovegroundthat was not blackenedby thefire. The
numberof conesin the crownsof all TableMountain
pines was estimatedto the nearestfive.

Shrubsandhardwoods<3 meterstall were iden-
tified to speciesandtallied in subplots,5 X 10 meters
in size, locatedat eachend of all sampleplots. Two
measurementsof crown spreadwere madefor each
shrub,one at the widest point of the crown andthe
otherat aright angleto the first measure.Thesemea-
surementswere used to estimatethe averagecrown
radius of eachshrubandcalculateits crownarea.

Densities of seedlingsand sproutsand microsite
conditionswere measuredin eachof 28 regeneration
plots, 1 X 1 meter in size, spaced systematically
throughouteach0.02-hectareplot. Sevenregeneration
plots were establishedalong each of 4 paralleltran-
sectsso that their centerswould be at a 3 X 3-meter
spacing.In eachregenerationplot, two PVC pipes,2
meters in length, were placed at right anglesto each
other and crossing at their centers.With this place-
ment,the pipesoutlined4 1 X 1-meterquadrants.The
numberof pine seedlingswasrecordedin all 4 quad-
rants,but seedlingsweretoo young to determinespe-
cies. Quadranttallies weretotaled for eachregenera-
tion plot andseedlingdensitywascalculatedon ahect-
arebasis.However,regenerationcannotbeconsidered
a successif seedlingsarenotwell distributedthrough-
out the area.Therefore,stockingwas usedas a mea-
sureof seedlingdispersal.The burnedareaswerecon-
sideredto have 100% stocking if at least 1 seedling
occurredin eachof the 28 regenerationplots. This
stocking approximatesa seedling spacingof 3 X 3
metersof 1,077 seedlingsper hectare.Although this
spacingis wider than recommendedfor pine planta-
tions, it hasbeenshownto producestandsdominated
by pine in thePiedmontandsouthernAppalachianre-
gion (Waldropet al. 1989, Waldrop 1997).

Soil exposure(i.e., fire severity)andinsolationare
2 microsite conditions important to successfulTable
Mountain pine seedling establishment.Severity was
quantifiedby rating eachof the 28 regenerationplots
as follows:

0. unburned,
1. burnedwith partially-consumedlitter present,

2. no litter present,100% of the areacoveredby root
mat,

3. soil exposedon 1—30% of the area,
4. soil exposedon 31—60%of the area,or
5. soil exposedon 61—100%of the area.

Insolation was likewise ratedand estimatedbetween
1000—1400hourson sunnydaysanddescribedas one
of the following categories:

1. full shade,
2. 1—30% of the areareceiving direct sunlight,
3. 31—60% of the areareceivingdirect sunlight, or
4. 61—100% of the areareceivingdirect sunlight.

Hardwoodseedlingsandsproutswerecountedand
recordedby speciesin 1 systematicallyselectedquad-
rant at each of the 28 regenerationplots. Multiple
sproutsarising from the samerootstockwerecounted
as 1 stem. The number of sproutsper rootstockwas
also recorded.

To determinewhetherthe pine seedlingsweresur-
viving on water andnutrients absorbedby their roots
from the duff or whethertheir roots hadpenetratedthe
thick root matandreachedthemineralsoil, pineswere
destructivelysampledalong transectslocatedapprox-
imately 6 metersawayfrom eachof the60 large(0.02-
hectare)plots in the burnedarea.Thesetransectswere
18 meterslong andparallelto thelong (20-meter)side
of the plots. Along each transect,10 pine seedlings
andtheir root systemswere excavatedandmeasured.
Seedlingswere selectedusing a random-systematic
samplingscheme.Nearthe beginningof eachtransect,
a seedlingwasrandomlyselected,andthenat each2-
meterincrementalongthe transectthenearestseedling
was measured.Measurementsincluded seedling
height, root mat thickness,root length within the root
mat, androot length within mineralsoil. All measure-
mentswerecompletedat the endof the first postburn
growing season(mid-September1997).

Determinationof Fire Intensity

Becauseour objectivewasto compareresponseof
TableMountainpine regenerationto differentlevelsof
fire intensity,it wasimperativethat we categorizefire
intensity.This classificationwas doneby subjectively
placingeachof the 60 plots into oneof 4 fire intensity
levels(low, mediumlow, mediumhigh,or high) based
on observedfire effects. Placementof plots into these
levelswas verified by discriminantfunction analysis,
which used bark char height, height of largestfire-

Table 1. Distinguishing characteristics of the 4 fire intensity categories.

Intensity

Mean bark
char height

(meters)

Height of tallest
dead tree
(meters)

Proportion of tree
height charred

(%)

Preburn cover of
mountain laurel

(%)

26.2Low 1.8 10.0 14.3
Medium Low 2.0 14.9 18.8 29.6
Medium High 6.5 16.4 44.3 41.1
High 12.2 14.9 87.0 85.9
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Table 2. Basal area (BA) and mortality of overstory trees by fire intensity level.

Intensity

Preburn
pine BA

(sq. m./hectare)

Postburn
pine BA

(sq. m.Ihectare)

Preburn
hardwood BA

(sq. mIhectare)

Postburn
Hardwood BA

(sq. m./hectare)
Pine+hardwood

mortality (%)

Low
Medium Low
Medium High
High

6.2Aa
10.9A
7.9A
6.6A

5.9B
6.OB
1.1A
0.OA

22.1A
23.6A
15.5A
20.4A

16.8B
SlA
0.5A
1 .OA

45.1
84.6
95.0
98.9

a Means followed by the same letter within a column are not significantly different at the P = 0.05 level.

killed tree, proportion of tree height charredby fire,
and preburncover of mountainlaurel as the primary
factors distinguishing among fire intensity levels.
Fourteenof the 60 plots werereclassified,andno plot
shiftedmore than 1 category.After reassignment,the
numberof plots in eachfire intensitycategorywas:

Intensity

Low
Medium low
Mediumhigh
High

n

9
28

9
14

A moredetaileddescriptionof theclassificationof fire
intensitywas given by WaldropandBrose (1999).

StatisticalAnalysis

The study was analyzedas an unbalancedcom-
pletely randomdesignwith fire intensity as the inde-
pendentvariable. Comparisonsof treatment means
amongfire intensitylevelswereconductedby analysis
of variancewith meanseparationby linear contrast(a.
= 0.05).To adjustfor differencesin seedsource,anal-
ysis of covariancewas usedto testfor differencesin
pine seedlingdensityandstockingamongthe fire in-
tensitylevels.The covariateswerenumberof coneson
thegroundandnumberof conesin thecrownsof trees.

RESULTS

Fire Effectson StandCharacteristics

cating that little mineral soil was exposedand that
therewas still considerableshade(Table3). Approxi-
mately 50% of the overstory trees were killed, but
nearly all mortality was to stems <18 centimeters
DBH (Table 2).

Characteristicsof the areasburnedat the medium-
low intensity levelwerequite similar to the low-inten-
sity areas,with the exceptionof the fire-killed trees,
which were up to 15 meterstall, and the substantial
reductionin pine andhardwoodbasalareasin the me-
dium-low intensityareas(Tables1—3). Eighty-fiveper-
centof trees=2.54centimetersDBH werekilled, but
mostwere <25.4 centimetersDBH (Table 2).

In themedium-highintensityareas,preburnmoun-
tan laurelcover was41%,meanbark charheight was
6.5 meters,and treeheight was 44.3%charred(Table
1). Postburnbasalareasfor hardwoodsandpineswere
0.5 and1.1 squaremetersperhectare,respectively(Ta-
ble 2). Surprisingly, fire severity did not differ from
thelower intensitycategories,but insolationwasmuch
greater(Table 3) as 95% of all overstory treeswere
killed by the fire (Table 2).

In the high-intensityareas,preburnmountainlau-
rel cover was 86%, meanbark char height was 12.2
meters,andmosttreeshadevidenceof charover their
entire height (Table 1). Mortality among overstory
treeswasnearly 100% (Table 2), which reducedstand
basalareato only 1.0 squaremeterperhectare(Table
2). As in the medium-highintensitycategory,insola-
tion reachingthe forest floor was high while fire se-
verity was unexpectedlylow (Table 3).

Low-intensity areas had 26% preburn cover by
mountainlaurel, fire-killed treesup to 10 meterstall,
and bole char to a height of 2 meters(14.3% of tree
height) (Table 1). Pinebasalareawas unchanged,but
hardwood basal area decreasedfrom 22.1 to 16.8
squaremetersperhectare(Table 2). Meanseverityand
insolation valueswere 2.3 and 3.2, respectively,mdi-

Table 3. Effects of fire intensity on soil exposure and insola-
tion.

Intensity
Mean soil exposure

category
Mean insolation

category

Low 2.3Aa 3.2A
Medium Low 2.2A 3.4A
Medium High 2.OA 3.7B
High 2.OA 3.8B
a Means followed by the same letter within a column are not signif-
icantly different at the P s 0.05 level.

Pine SeedlingEstablishment

Postburncountsof pineseedlingssuggestthat fires
were of sufficient intensity to openserotinouscones
throughoutthe burnunit. Postburnpine densityranged
from 3,448 to >22,230 stemsper hectare(Table 4).
An unexpectedresult wasthat the lowestpine densities

Table 4. Effect of fire intensity on density and stocking of pine
regeneration 1 growing season after burning.

Intensity
Density

(stems/hectare)
Stocking

(%)

Low 1 3,852ABa 77.3B
Medium Low 22,551A 93.8A
Medium High 9,016B 63.7B0
High 3,4488 51.1C
a Means followed by the same letter within a column are not signif-
icantly different at the P = 0.05 level.
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Table 5. Regeneration (sprouts per hectare) of predominant hardwood species and species groups by fire intensity category.

Other
Intensity Blackgum Oaksa Sassafras hardwoods’ Total

Low 15,988 474 2,658 32,150
Medium Low 16,379 9,472 2,932 37,371
Medium High 15,200 1,875 3,396 26,590
High 11,404 4,861 7,457 31,537

4,678
8,588
6,118
7,515

a Includes black oak (Q. velutina), chestnut oak, scarlet oak, and white oak (0. alba).
Includes American chestnut (Castanea dentata), black locust (Robinia pseudoacacia), red maple, sourwood, yellow-poplar (Liriodendron

tulipifera), and other species.

werefound in plots burnedat thehighestfire intensity
levels.This finding may indicatethat coneswerecon-
sumedby fire, or seedswere killed by intenseheat
whereflamesreachedinto the crownsof trees.

Even thoughplots burnedat high intensity levels
hadfewer seedlingsthan otherplots, the 1,400seed-
lings per hectarethat were presentshould produce
pine-dominatedstands if the seedlingsare well dis-
persed.However, pine seedlingswere found in only
51% of the regenerationplots sampled(Table 4). This
pattern indicatesthat portionsof the sampledstands
hadno pineregenerationandmay becomedominated
by hardwoods.Plotsburnedat the medium-highinten-
sity levelalso hadlow pine stocking.Pinedensityand
stocking levels of plots burned at low andmedium-
low intensitiesshouldbe adequateto createpine-dom-
inated standsif the seedlingsreceiveadequatesunlight
andmoisture.

Competition from hardwoods and shrubs that
sproutedafterthe fire may inhibit the developmentof
a pine-dominatedstand.The mostcommonhardwood
speciesamong the regenerationwas blackgum, the
oaks (especiallychestnutoak), and sassafras(Sassa-
fras albidum) (Table 5). There wereno significantdif-
ferencesin the total number of sproutsper hectare
amongthe fire intensity categoriesor for any of the
speciesindividually. This result suggeststhat most
hardwoodssurvivedeventhe high-intensity fires and
sprouted.Thetotal numberof sproutsperhectarewas
high at all intensity levels, ranging from 27,170 to
>37,000.

Sampling of the root mat showedlittle evidence
of fire-intensity effects (Table 6). Root mat thickness
variedsignificantly amongplots burnedat various in-
tensity levels,but therewas no clearrelationshipbe-
tweenfire intensity and postburnroot mat thickness.
The thinnestroot mats occurredin plots of the low
andmedium-lowintensitycategories.Greaterfire res-
idencetime for theselower-intensityfiresmay account

for thesedifferences.However,preburnmeasurements
of root mat depthwere not taken, so this conclusion
is speculative.

The relationship of total root length, root mat
thickness,and seedlingheight shows the importance
of burning away as much of the root mat aspossible.
In this study, total root length was unaffectedby fire
intensityor root mat depth (Table 6). The roots of all
seedlingssampledwereapproximately10 centimeters
long. Therefore,seedlingshada largerportion of their
roots penetratinginto the mineralsoil in areaswhere
the root mat was thin. In plots with the thinnestroot
mats (medium-low intensity), the proportion of seed-
lings with roots reaching the mineral soil, the length
of root in mineral soil, and seedlingheight were sig-
nificantly higherthan in any otherplots.Eventhough
pine seedlinggrowthwasbetterwith thinnerroot mats,
completeremoval of the forest floor is not recom-
mended.Stoneet al. (1995) showedthat severeburns
on Appalachiansitescreateexcessiveerosionandre-
ducesiteproductivity.

Root measurementsfrom all 60 sampleplots were
combinedto show the relationshipof root mat depth
to severalpine seedlingcharacteristics(Table 7). The
numberof seedlingssampledgenerallydecreasedwith
increasingroot mat depth. This patternprobably re-
flects a combinationof increasedmortality with in-
creasedroot mat depth andreducedsamplingproba-
bility for the smallerareacoveredby thickerrootmats.
As we expected,the percentageof seedlingsthat had
roots reachingthemineralsoil decreasedwith increas-
ing root mat depth.A significant finding, however,is
that theroots of >80% of sampledseedlingswereable
to penetrateroot matsas thick as 7.6 centimetersand
almostall sampledseedlingshadrootsthat penetrated
root mats5.1 centimetersthick. This finding makesit
clear that total consumptionof the forest floor is not
requiredfor germinationand survival of TableMoun-
tain pine.

Table 6. Height and rooting characteristics of pine seedlings by fire intensity category.

Intensity

Postburn forest
floor thickness
(centimeters)

Seedling
height

(centimeters)

Total root
length

(centimeters)

Length of root
in soil

(centimeters)

Percentage of
seedlings with
roots in the soil

Low 5.3ABa 6.9A 9.4 4.6A 71.1A
Medium Low 3.8A 8.6B 10.4 6.9B 94.6B
Medium High 7.6B 7.1A 10.2 3.6A 63.OA
High 6.69 7.4A 9.7 4.3A 56.1A

a Means followed by the same letter within a column are not significantly different at the P ~ 0.05 level.
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Table 7. Seedling height and percentage of seedlings with
roots penetrating the forest floor into mineral soil by forest floor
depth.

Mean
Root mat
thickness

(centimeters)
Seedlings
sampled

Number
with roots
in the soil

Percent of
total

seedling
height

(centimeters)
2.5 170 162 95.3 8.9
5.0 223 209 93.7 8.1
7.5 103 83 80.6 7.4

10.0 70 28 40.0 6.6
12.5 47 9 19.1 6.4
15.0+ 37 2 5.4 5.8

Seedlingheight was smalleras root mat depthin-
creased(Table7). However,all of the seedlingspresent
had survived the first growing seasonand those on
thicker root matsmay extenda larger portionof their
roots to mineralsoil in the next growing season.

DISCUSSION

Previousresearchindicatedthat successfulregen-
erationof Table Mountainpine requireda thin forest
floor with duff thicknessranging from bare mineral
soil to amaximumof 4 centimeters(Zobel 1969,Wil-
hamsandJohnson1992), andthat ahigh-severityfire
was necessaryto preparesuch a seedbed.However,
this study shows that Table Mountain pine can also
regenerateon root matsthicker than4 centimetersas
>80% of the sampledseedlingsthat weregrowing in
root matsbetween5.0—7.5 centimetersthick hadroots
reachingmineralsoil. Thesedifferencesin resultsmay
be due to location,the earlierstudiesbeing conducted
primarily in the centralAppalachianregionasopposed
to Georgia. There may be minor morphological or
physiologicaldifferenceswithin the speciesdue to re-
gional climatevariation.

Our findingssuggestthatahigh-severityfire is not
neededto ensurepine regeneration.Prescribedburns
canbe conductedwhenthe lower layersof the forest
floor are moist, thus protectingsteepslopesfrom ero-
sion and loss of site productivity. This moderately
thick root mat may be beneficial to new seedlingsas
a moisture-conservingmulch, protecting them from
themild to moderatesummerdroughtscommonin the
southernAppalachianregion.

PreviousresearchalsoindicatedthatTableMoun-
tain pine seedlingswereshadeintolerant(Zobel 1969,
Williams andJohnson1992), suggestingthat high-in-
tensity stand-replacingfires were necessaryfor suc-
cessfulregeneration.This studyfoundseedlingdensity
and stockingwere lowest in plots burnedwith high-
intensity fires, possibly becausethosefires consumed
or killed aportionof the seed.Plots burnedat low or
medium-lowintensitieshadmany surviving overstory
trees.Seedlingsin theseplots maynot surviveshading
andundergroundcompetitionunlessmoreof the over-
story treesdie in the nearfuture. Medium-high inten-
sity fire may bethe bestchoice. In plotsburnedat this
intensity level, overstorymortalitywas near100%,in-

solationto the forestfloor wasabundant,seedlingden-
sity was adequate,andstockingwasnearly adequate.

Definitive recommendationsabout the fire inten-
sity neededto successfullyregenerateTableMountain
pinestandsshouldnotbemadebasedon the 1 growing
season’sobservationsalthoughresultsof this studyin-
dicatethathighfire intensitymay notbe as necessary
as previously thought. Table Mountain pinecones
openedafterfires with intensitiesrangingfrom low to
high, andseedlingswereabundantregardlessof inten-
sity level. However,futurecompetitionfromhardwood
sproutsmay eliminate many of the pine seedlings.
Standdevelopmentwill bemonitoredfor severalyears
to clarify the effect of hardwoodcompetitionon pine
survival.
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